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Background
Mixed method research, the combined use of qualitative and quantitative methods, is increasingly popular in health services research, [1] [2] [3] [4] especially as a way to examine 'complex interventions'. Complex interventions are defined as those 'built up from a number of components, which may act both independently and interdependently'. 5, 6 Analysis of a complex intervention may involve an analysis of moderators and mediators. A 'moderator' specifies for whom or under what conditions the treatment or intervention works and a 'mediator' identifies possible mechanisms through which a treatment or intervention might achieve its effects. 7, 8 Moderators, in specifying for whom or under what conditions the intervention is most successful, help decision making about subsequent trials and routine service delivery, as they suggest to health professionals which patients may benefit most from the intervention. Quantitatively, these are often explored through so called subgroup analyses.
The Medical Research Council has developed a framework for the evaluation of complex interventions, which they suggest requires the use of both qualitative and quantitative methods. 5 They describe a sequential, phased approach to evaluation, while others have considered that the evaluation may be much more flexible or iterative in nature. 6, 9 Regardless of the approach used, it is common to find that the results of mixed method evaluations are published separately. 1, 10, 11 Combining quantitative and qualitative data in the evaluation of a complex intervention has two potential benefits. First, the two methods may complement one another, such that qualitative methods illuminate some aspects of the intervention, while quantitative methods provide insight into others. Second, the use of mixed methods may be multiplicative, in that the combination affords greater insight than either method alone. 12 It is the integration of data or findings from the different components of the study that is the key characteristic and unique contribution of mixed method research. 12 Decision aids as an exemplar of complex interventions Decision aids are technologies designed to support the process of decision making, and can range from simple audiotapes and booklets, to complex interactive computer programmes. In the last decade, there has been an increasing number of randomized controlled trials (RCTs), evaluating the use of patient decision aids in enhancing decision making in health care, which show that decision aids consistently improve knowledge, enhance realistic expectations of benefits and harms, reduce decisional conflict and stimulate active participation in decision making. 13 However, little is known about how decision aids achieve their effects and what 'ingredients' are critical to an intervention.
A patient decision aid is a good exemplar of a complex intervention. In addition to providing information about a condition or treatment, they focus on the benefits and risks of the alternatives, specifically tailored to the individual patient. They provide detailed descriptions of benefits and risks in functional terms including explicit probabilities. Decision aids should then include a values clarifying exercise, such as ranking all the different treatments in order of personal preference. 14 Because of this range of potential 'active ingredients', the effect of decision aids may be moderated by patient characteristics. For example, certain types of patients may prioritize choice and shared decision making, and thus may benefit more from such interventions than patients who prefer professionalled decision making.
This paper reports on a study to examine the impact of a computerized decision aid on treatment decision making in women with menorrhagia (heavy menstrual bleeding). Menorrhagia is a condition for which there are many equally effective treatments, with different side effect profiles. Patient involvement in choosing between these different treatments is advocated in guidelines from the Royal College of Obstetricians and Gynaecologists, 15 making this an ideal condition in which to study the effect of a decision aid.
This paper seeks to provide a case example of the use of quantitative and qualitative methods in the analysis of a complex intervention to test whether the use of both methods achieves the two potential advantages outlined above: the two methods may complement one another, and second, the use of mixed methods may be multiplicative, in that the combination affords insights which the application of either method alone would fail to provide.
Methods
We conducted a pragmatic RCT of a decision aid in women attending their primary care practitioners with menorrhagia. The aim of the trial was to evaluate whether the addition of a computerized decision aid improved decision making in these women compared to written information alone. Alongside the trial, a qualitative study was conducted with interviews with a sample of women who had received the intervention. The aim of this qualitative study was to examine possible moderators of the decision aid with a view to informing subsequent quantitative subgroup analyses.
Intervention
The computerized decision aid was the Clinical Guidance Tree. 16 This is an interactive computer programme designed to provide individualized treatment information, including specific risk information, elicit BOX 
The decision aid intervention
The Clinical Guidance Tree takes the patient through three distinct stages:
Stage 1: the programme elicits information from the patient allowing the tree to be tailored to her as an individual, ensuring that the treatment information received is appropriate. For example, has she completed her family? Next, information is provided about menorrhagia and all the different treatment options a patient might choose. It gives details about the different options and their possible outcomes, including side effects. It details how likely different outcomes are to happen. Stage 2: the patient is asked to rate different outcomes in order of preference, by 'dragging and dropping' them onto a scale from 0 to 100. This is so that her particular values and beliefs can be taken into account, and her utilities can be calculated in order to perform decision analysis. Stage 3: the programme performs a decision analysis and suggests a preferred treatment to the patient based on her individual preferences. The programme also produces a printout of the session, which includes information on treatments, answers she gave to questions, definitions of any of the terms that she looked up in the programme dictionary and the result of her decision analysis. values and preferences and perform a decision analysis which suggests a preferred treatment option, based on individual preferences (see Box 1) . In addition, all women received a commercially available printed information leaflet.
Quantitative study
In the RCT, individuals were randomly allocated to either the intervention group (information leaflet and an appointment to use the Clinical Guidance Tree) or the control group (information leaflet only). This trial is reported in detail and published separately. 17, 18 The primary outcome was the decisional conflict score 2 weeks after the intervention. 19 This scale measures the degree of uncertainty about which course of action to take and has been used as an outcome measure in many trials of decision aids. [20] [21] [22] [23] [24] Secondary outcomes included anxiety, menorrhagia quality of life and knowledge (2 weeks and 6 months after the intervention). Process measures, collected at 6 months, included treatment preferences, hospital outpatient appointments and treatments actually received.
Qualitative study
Women who had received the Clinical Guidance Tree intervention were purposively sampled and invited to take part in an interview. The sampling was iterative: initially women were invited to participate in the interviews 4-6 weeks after they had received the intervention. The baseline demographic data from the quantitative study seemed to suggest the recruitment to the trial of a higher proportion of women from lower socio-economic groups (as defined by employment status and home ownership) and with lower levels of formal education than usually seen in trials of this nature. [25] [26] [27] Further, the theoretical underpinnings of the intervention, the Decision Support Framework, 14 included client characteristics such as socio-economic status and education as two of many suggested factors that may be important in the usefulness of the decision aid. Women were therefore sampled purposively to include both higher and lower levels of formal education and women from higher and lower socio-economic groups.
In this way, the sampling was linked to the theoretical and conceptual framework underlying the intervention, the preliminary quantitative data and the developing qualitative themes. Sampling was continued until no new themes were emerging from the data. JP or a research assistant specifically recruited to the study carried out interviews. Analysis was carried out by all three authors, with agreement of themes and actively seeking out disconfirmatory evidence. The interview schedule was modified iteratively in the light of emerging themes. The schedule covered topics such as symptoms, knowledge about treatment options before the intervention, involvement in decision making, the use of the intervention, the effect of this on consultations since the intervention and the effect on decision making.
Results
The main results of the RCT are reported in a separate publication, 17 for the purposes of this paper a brief overview of the results is described.
Quantitative study
Fifteen of the 19 general practices taking part in the study had positive Jarman scores denoting low socioeconomic status. One hundred and forty-nine women consented to participate in the study. There was no difference between consenting and non-consenting women in terms of age.
The Clinical Guidance Tree significantly reduced decisional conflict over and above the effect of the information leaflet [difference in means -16.6, 95% confidence interval (CI) -21.5 to -11.7; P < 0.001]. Neither the computerized decision aid nor the information leaflet had any effect on patient anxiety scores at the 2-week or 6-month follow-up.
At the 6-month follow-up, the use of the decision aid led to a significant increase in the women's knowledge of menorrhagia and its treatment options (difference in means 9.3, 95% CI 1.9-16.6; P < 0.01). More interestingly, without apparently affecting either anxiety or treatments undertaken, the use of the decision aid had a beneficial effect on Menorrhagia Specific Utility Scale scores 28 (difference in means 10.9, 95% CI 0.9-21.0; P < 0.05). Process measures demonstrated that women in the intervention group felt more able to express a treatment preference, but this did not seem to have been carried through to being more likely to have received their preferred treatment, or indeed any treatment.
Qualitative study
Eighteen women who received the Clinical Guidance Tree computerized decision aid were interviewed. These women were all white and ranged in age from 31 to 47 years. This range of attributes was similar to the main sample (age range 30-52, 98% white).
Eleven women owned their own homes and were in employment. Five had achieved educational qualifications of A-Levels or above. This range of attributes was again similar to those in the RCT.
The broad themes to emerge from the data were summarized into six main areas: information seeking, legitimacy of condition, effect on decision making, practicalities of intervention use, information from decision aid and empowerment. It is the final theme which is the focus of the present paper.
Family Practice-an international journal Overall, the decision aid had a greater effect on decision making than the information leaflet as it was seen as interactive, personalized and containing specific risk information. By presenting women with detailed risk information, eliciting their treatment preferences and giving them a printout of the result of the decision analysis, they reported greater confidence to participate in decisions about future management. This was labelled empowerment, defined as the feeling that an individual has the power or authority to do something. 29 However, this reported empowerment was most noticeable in those women with lower formal education ( Table 1) . Women with less formal education reported feeling that their future consulting behaviour had been, or will be, directly influenced by having used the decision aid. They reported increased feelings of confidence to participate actively in discussions with health professionals about their future management. Data from interviews with women with greater levels of formal education demonstrate that the intervention was reported as useful in terms of a source of information, but not in terms of how future decision-making behaviour will change as a result of it (see Table 1 ). This latter group of women had often already expressed a feeling of ownership of their treatment decisions 'I decided what I decided' (C35016) and 'I can make choices' (118030) or 'we are trying this' (B87012) etc. They saw the intervention as beneficial in terms of another supplementary resource for information and possibly as legitimizing their treatment decision.
These results from the qualitative study generated the hypothesis that the intervention was more effective in women who had less formal education. This hypothesis was then examined in quantitative subgroup analysis.
Quantitative subgroup analyses
The qualitative work described above generated the hypotheses that level of formal education may be an important moderator of the Clinical Guidance Tree intervention. Analyses were conducted to see if the change in the primary outcome [Decisional Conflict Scale (DCS)] was moderated (i.e. exaggerated or diminished) according to the educational status. The participants were considered to have higher formal education if they had achieved educational qualifications of A-Levels or above (n = 32, 23%).
The mean DCS scores in the control and intervention groups at baseline and primary follow-up in each education group are shown in Figures 1 and 2 . In Figure 1 (the control group) , it is apparent that the participants with a higher level of education have greater decisional conflict at baseline. This is reduced by a similar amount at the 2-week follow-up in both the higher and lower educated group. The gradients of the lines on Figure 1 are similar.
At baseline, participants in the intervention group with a higher level of education also had higher levels of decisional conflict. However, Figure 2 shows the intervention successfully reduced decisional conflict in both the higher education and lower education groups, but a greater reduction from baseline decisional conflict has been achieved in the higher education group (signified by the steeper gradient of the line in Fig. 2 ).
An analysis of covariance was conducted, including a test for interaction between the intervention and educational status which showed that the effect of the intervention is moderated by educational status, but appeared to reduce decisional conflict more successfully in participants with a higher level of education (difference in means -12.9; 95% CI -24.8 to -0.88; P = 0.036).
Discussion
The results showed that the decision aid was broadly beneficial compared to information leaflets alone. The women interviewed were positive about the use of the decision aid and specifically the impact of its use on decision making. An apparent difference in empowerment reported by women with different levels of formal education suggested a hypothesis that this variable would moderate the effect of the intervention.
However, contrary to the hypothesis generated by the qualitative study, quantitative subgroup analyses suggest that, although the intervention successfully reduces decisional conflict in both groups of differing educational status, it reduces DCS to a significantly greater extent in those of higher educational level. Therefore, the findings of the qualitative and quantitative analyses seem to demonstrate a significant intermethod discrepancy. 30 The following discussion will consider four possible explanations, concerning limited power in the quantitative study, biased sampling in the qualitative study, differences in interpretation of decisional conflict in the women with different levels of formal education and differences in the meaning of the concepts of empowerment and decisional conflict.
Previous studies have reported discrepancies where qualitative findings have not been statistically significant in the quantitative analysis. 1, 2 One obvious explanation is that the lack of significant effect reflects insufficient power. In other words, with a greater sample size and power, similar results may have been demonstrated in the quantitative study. As this study demonstrated a significant effect in the quantitative study (albeit opposite to the predicted direction), this is unlikely to be the explanation in this case. To our knowledge studies reporting apparently directly opposing and significant results such as this have not been reported.
Another explanation is that the findings of the qualitative sample are based on a biased subsample of patients, and the levels of empowerment reported did not generalize to the larger quantitative sample. The number of participants in the qualitative subset was small (n = 18), compared to the whole study (n = 149), although the sampling frame was confined to the 72 women who received the intervention. The women were sampled purposively, linked to both the underlying theoretical framework and the developing account as described in the Methods. The use of a theoretically driven sampling frame greatly increases the transferability of the results over and above a convenience sample, 31 and we would argue that the methods applied are in line with current qualitative conventions. However, there remains the possibility that the analysis of the qualitative work is merely overemphasizing a minor difference in a particular subgroup of participants, which may not generalize to the whole sample.
A third explanation is that the marked difference in baseline decisional conflict between the groups is due to the difference between perceived rather than actual decisional conflict in groups of different educational background. This phenomenon has been described before in a previous study in maternity care, where women with lower educational attainment and manual occupational backgrounds were more likely to report exercising informed choice. 32 The authors suggested that patients may perceive levels of informed choice Family Practice-an international journal in very different ways, based on the meaning they ascribe to informed choice, expectations concerning its availability and their preferences for exercising it.
In the current study, patients who had a lower level of formal education had lower decisional conflict at baseline. This may reflect the fact that these women were less likely to have been aware that participating in decisions about their treatment was an option, resulting in low levels of perceived conflict. For example, one of the items on the DCS was as follows: 'I am aware of the choices I have to treat my heavy menstrual bleeding'. If the patient felt that their only options were to continue with symptoms or to have a hysterectomy, they might answer 'strongly agree', scoring low decisional conflict. Conversely, patients with high levels of education had higher baseline levels of decision conflict, possibly because they were more aware of the availability of possible treatment choices, but felt uninformed about them and unsupported in terms of deciding between them. The intermethod discrepancy may partly reflect the fact that the DCS is interpreted differently by women with different backgrounds.
If the 'artificial' difference in DCS at baseline (driven by these different interpretations) is removed, then the benefits of the decision aid would be similar in the two education groups. The inter-method discrepancy would remain in part, because qualitatively, women with lower educational attainment still reported a greater impact, whereas quantitatively there would be no difference. In this case, the more pronounced qualitative impact of the decision aid in women with lower educational attainment may reflect the fact that their interpretation of the meaning of decisional conflict changes before and after the intervention. That is, these women report a larger impact partly because their expectation of choice was initially so much more limited.
Finally, although there is clearly some overlap between the concepts of empowerment identified in the qualitative work and decisional conflict, it is possible that empowerment may not be fully encompassed by the DCS and therefore the quantitative and qualitative studies were measuring different outcomes. The more pronounced benefit in women with lower levels of education, described by the qualitative study, was an increase in perceived empowerment. Empowerment describes the feeling that an individual has the power or authority to do something, whereas decisional conflict is the uncertainty over which course of action to take. These women were describing an effect that appears greater than simple information provision (see Table 1 ). They describe that not only were they 'informed a bit more' (ID774032) but also they were now in a position to discuss treatment options with the health professional and, if desired, challenge their opinion.
We can postulate why the qualitative study found that women with less formal education appeared to be more 'empowered' to participate in decision making following using the decision aid. This could simply be because they had the greatest capacity to benefit; women with more formal education may already have been participating in decision making. Empowerment itself may be either an important mediator of the effect of complex interventions such as decision aids or an important outcome in itself, which requires further study and investigations.
Mixed methods can illuminate different aspects of an intervention or provide greater insight into particular issues. Health service researchers need to be aware that the qualitative and quantitative results may be discrepant, and methods need to be developed to deal with such discrepancies. However, even when discrepant results occur, exploring seemingly discrepant findings performs a useful scientific function leading both to further insights into the issue under study (including possible limitations of outcome measures used) and in suggesting new hypotheses and avenues of research. 12 
